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Dear Sir: 



This is a request for filing a \E\ continuation □ divisional application under 37 CFR 1.53(b), of pending prior 
application serial no. 08/977,835 filed on November 26, 1997 of Michael S. Hsu and Ethan D. Hoag 

entitled ULTRA-HIGH EFFICIENCY TURBINE AND FUEL CELL COMBINATION 

which in turn is a continuation application of serial no. 08/325,486 (now U.S. Patent No. 5,693,201) filed on 
October 19, 1994 (issued December 2, 1997). 
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El 7 page(s) of claims 

E] _J page(s) of abstract 

\E\ _8 sheet(s) of drawing 

[2 _5 page(s) of declaration and power of attorney. 

I hereby verify that the attached papers are a true copy of the prior complete application 
serial no. 08/977,835 as originally filed on November 26, 1997 . 
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4. \E\ The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any 

overpayment, to Deposit Account No. 12-0080. A duphcate copy of this sheet is enclosed. 

5. m A check in the amount of $380,00 is enclosed for payment of the filing fee. 

6. \E} Cancel in this application original claims 2-52 of the prior application before calculating the filing fee. (At 

least one original independent claim must be retained for filing purposes.) 

7. IE] A preliminary amendment is enclosed. (Claims added by this amendment have been properly numbered 

consecutively beginning with the number next following the highest numbered original claims in the prior 
application.) 

8. El Amend the specification by inserting before the first line the sentences: "This application is a 

continuation application of serial no. 08/977,835 filed on November 26, 1997, allowed, which in 
turn is a continuation application of serial no. 08/325,486 (now U.S. Patent No. 5,693,201) filed 
on October 19, 1994 (issued December 2, 1997), . The contents of all of the aforementioned 
application(s) are hereby incorporated by reference." 

9. □ Please abandon said prior application as of the filing date accorded this application. A duplicate copy of 

this transmittal is enclosed for filing in the prior application file. (May be used if signed by person 
authorized by §1.138 and before payment of base issue fee.) 

10. El Transfer the drawings from the pending prior application to this application, 

11. □ Priority of application serial no. filed on in 

is claimed under 35 U.S.C. §119. 

□ The certified copy has been filed in prior application 

serial no. filed on . 

□ The certified copy will follow. 

12. m The prior application is assigned of record to Ztek Corporation. 

13. □ A month extension of time has been submitted in the parent application Serial No. in order to 

establish copendency with the present application. 

14. \E\ Also enclosed is a Preliminary Amendment. 

15. \E\ The power of attorney in the prior application is to Lahive & Cockfield . 

a. □ The power appears in the original papers in the prior application. 

b. □ Since the power does not appear in the original papers, a copy of the power in 

the prior application is enclosed. 

c. □ A new power has been executed and is attached. 

16. H Address all future communications (May only be completed by applicant, or attorney or agent of record) 

to Anthony A. Laurentano, Esq. at Customer Number: 000959 whose address is: 

Lahive & Cockfield, LLP 
28 State Street 
Boston, Massachusetts 02109 

17. 13 Any requests for extensions of time necessary in a parent application for establishing copendency between 

this application and a parent application are hereby requested and the Commissioner is authorized to charge 
any fee associated with such an extension to Deposit Account No. 12-0080. 
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18. □ Pursuant to 37 CFR 1.821(e), the computer readable form of the sequence listing for this new application is 

to be identical with the computer readable form of application serial no. . Please use the 

computer readable form of application serial no. in lieu of filing a duplicate computer 

readable form in this application. Pursuant to 37 CFR 1 .821(f), the content of the paper copy of the 
sequence listing for this new application and the computer readable form of application serial 
no. are the same. 



July 13, 1999 

Date 

LAHIVE & COCKFIELD, LLP 
28 State Street 

Boston, Massachusetts 02109 
Tel. (617) 227-7400 




Anthony A. Laur^ 
Reg. No. 38,220 i 

□ inventor(s) □ filed under § 1.34(a) 

□ assignee of complete interest 
E attorney or agent of record 



Applicant or Patentee: Michael L HsU and Ethan D> Ifoag At^mey's 

Serial or Patent No.: Docket No.: I3SE-020CP 

Filed or Issued: Filfy! HA-rPt^'t-h 

Titic; TTTTOA-TTTiTff RRPTPTFNPy qrmPTMF Z^KTH PTTT^T. HPTT. OnMRTWaqT:n^] 

VERIFIED STATEMENT pECLARATION) CLAIMING SMALL ENTITY STATUS 
(37 CFR 1,9(0 and L27(c)) - SMALL BUSINESS CONCERN 

I hereby declare that I am 

the owner of the small business concern identified below: 
m an official of the small business concern empowered to act on behalf of the concern identified below: 

NAME OF SMALL BUSINESS CONCER N Ztek Corporation 

ADDRESS OF SMALL BUSINESS CONCER N 460 Totten Pond Road 

Waltham, Massachusetts 02154 



C©PY 



I hereby declare that the above identified small business concern qualifies as a small business concern as defined in 13 
CFR 121.12, and reproduced in 37 CFR 1.9(d), for purposes of paying reduced fees to the United States Patent and Trademark 
Office;, in that the number of employees of the concern, including those of its affiliates, does not exceed 500 persons. For 
purposes of this statement, (1) the number of employees of the business concern is the average over the previous fiscal year of 
the concern of the persons employed on a full-time, part-time or temporary basis during each of the pay periods of the fiscal 
year, and (2) concerns are affiliates of each other when either, directly or indirectly, one concern controls or has the power to 
control the other, or a third par^ or parties controls or has the power to control both. 

I hereby declare that rights under contract or law have been conveyed to and remain with the small business concern 
f s identified above with regard to the invention described in: 

the specification filed herewith with title as listed above, 
^ D the application identified above, 
n the patent identified above. 

If the rights held by the above identified small business concern are not exclusive, each individual, concern or organization 
■ havmg rights in the invention is listed below* and no rights to the invention are held by any person, other than the inventor, who 
i :J would not qualify as an independent inventor under 37 CFR 1.9(c) if that person made the invention, or by any concern which 
5: would not qualify as a small business concern under 37 CFR 1.9(d), or a nonprofit organization under 37 CFR 1.9(e). 

f "I *NOTE: Separate verified statements are required from each named person, concern or organization having rights to the invention averring to their status as 

r ' J small entities. (37 CFR 1 .27) 

I. a NAME None 

; : ADDRESS 

la □ INDIVIDUAL □ SMALL BUSINESS CONCERN □ NONPROFIT ORGANIZATION 

I J NAME 

ADDRESS 

□ INDIVIDUAL □ SMALL BUSINESS CONCERN □ NONPROFIT ORGANIZATION 

I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of 
entitlement to small entity status prior to paying, or at the time of paying, the earliest of the issue fee or any maintenance fee due 
after the date on which status as a small entity is no longer appropriate. (37 CFR 1.28(b)) 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statement were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the United 
States Code, and that such willful false statements may jeopardize the validity of the application, any patent issuing thereon, or 
any patent to which this verified statement is directed. 

NAME OF PERSON SIGNING Michael S. Hsu 

TITLE OF PERSON OTHER THAN OWNER President. Ztek Corporation 

ADDRESS OF PERSON SIGNING 460 Totten Pond Road. Waltham. Massachusetts 02 1 54 

SIGNATURE | v' v I \.^-JK \ . DAT E rv>-hr>h^T- 1QQ/1 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re the application of: Michael S. Hsu et aL 
Serial No.: 
Filed: Herewith 

For: Ultra-High Efficiency Turbine and Fuel 
Cell Combination 

Attorney Docket No.: HSE-020CPCN2 

BOX PATENT APPLICATION 
Assistant Commissioner for Patents 
Washington, D.C. 20231 

Preliminary Amendment 

Dear Sir: 

Preliminary to examination of the above-referenced patent application, please 
amend the claims as follows: 

In the Claims 



Group Art Unit: 
Examiner: 



Please cancel claims 2-52, 
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Remarks 



Preliminary to examination of this application, please cancel claims 2-52 for 
purposes of calculating the filing fee. 

Applicants respectfully submit that the foregoing amendments introduce no new 

matter. 

Entry of the foregoing Preliminary Amendment is thus in order and requested. 



Respectfully submitted, 



LAHIVE & COCKFIELD, LLP 




Anthony A. L^mfefano 
Registration No!^8,220 
Attorney for Applicants 



28 State Street 
Boston, MA 02109 
(617) 227-7400 



Date: July 14, 1999 
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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

Be it known that Michael S. Hsu and Ethan D. Hoag have invented 
certain improvements in ULTRA-HIGH EFFICIENCY TURBINE AND 
FUEL CELL COMBINATION of which the following description in 
connection with the accompanying drawings is a specification, like reference 
characters on the drawings indicating Uke parts in the several figures. 



ULTRA-HIGH EFFICIENCY TURBINE 
AND FUEL CELL COMBINATION 



Related Applications 

This application is a continuation-in-part application of application 
Serial No. 287,093, entitled "Electrochemical Converter Having Internal Thermal 
Integration", filed 8 August 1994, which is herein incorporated by reference. This 
application is also related to the copending application Serial No. 08/215,466, entitled 
"Electrochemical Converter Having Optimal Pressure Distribution", filed on 21 March 
1994, which is herein incorporated by reference. 

Background of the Invention 

This invention relates to gas or steam turbines, and specifically to high 
performance power systems employing such devices. 

Conventional high performance gas turbine power systems exist and are 
known. Prior gas turbine power systems include a compressor, a combustor, and a 
mechanical turbine, typically connected in-line, e.g., connected along the same axis. 
In a conventional gas turbine, air enters the compressor and exits at a desirable 
elevated pressure. This high-pressure air stream enters the combustor, where it reacts 
with fiiel, and is heated to a selected elevated temperature. This heated gas stream 
then enters the gas turbine and expands adiabatically, thereby performing work. One 
deficiency of gas turbines of this general type is that the turbine typically operates at 
relatively low system efficiencies, for example, around 25%, with systems of 
megawatt capacity. 

One prior art method employed to overcome this problem is to employ a 
recuperator for recovering heat. This recovered heat is typically used to fiirther heat 
the air stream prior to the stream entering the combustor. Typically, the recuperator 
improves the system efficiency of the gas turbine upwards to about 30%. A drawback 
of this solution is that the recuperator is relatively expensive and thus greatly adds to 
the overall cost of the power system. 

Another prior art method employed is to operate the system at a 
relatively high pressure and a relatively high temperature to thereby increase system 
efficiency. However, the actual increase in system efficiency has been nominal, while 
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the system is subjected to the costs associated with the high temperature and pressure 
mechanical components. 

Still another prior art method utilized by plants having power capacities 
above 100 MW is to thermally couple the high temperature exhaust of the turbine with 
a heat recovery steam generator for a combined gas turbine/steam turbine application. 
This combined cycle application typically improves the system operating efficiency 
upwards to about 55%. However, this efficiency is still relatively low. 

Thus, there exists a need in the art for high performance power systems. 
In particular, an improved gas turbine power system that is capable of integrating and 
employing the desirable properties of electrochemical converters would represent a 
major improvement in the industry. More particularly, an integrated electrochemical 
converter and gas turbine system that reduces the costs associated with providing 
dedicated thermal processing systems while significantly increasing the overall system 
power efficiency would also represent a major improvement in the art. 

Summary of the Invention 

The present invention provides for a power system that integrates an 
electrochemical converter with a gas turbine. The electrochemical converter and gas 
turbine constitute a relatively highly efficient power system, e.g., efficiency about 
70%, for the production of electricity. 

The gas turbine power system of the present invention includes a 
compressor for compressing a first medium, and an electrochemical converter in fluid 
commimication with the compressor and adapted to receive the first medium and a 
second medium. The converter is configured to allow an electrochemical reaction 
between the first and second mediums, thereby producing exhaust having a selected 
elevated temperature. The power system further includes a turbine in fluid 
communication with the electrochemical converter and adapted to receive the 
converter exhaust, such that the turbine converts the electrochemical converter exhaust 
into rotary energy. 

According to one aspect of the invention, the power system further 
includes a generator which receives the rotary energy of the turbine, and which 
produces electricity in response to the turbine rotary energy. The electrochemical 
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converter is preferably adapted to operate at an elevated temperature and at various 
pressures. 

According to another aspect, the power system further incudes a heat 
exchanger element, in thermal association with the electrochemical converter, for 
extracting waste heat from the converter exhaust and for transferring the waste heat to 
the turbine. 

According to still another aspect, the electrochemical converter includes 
an intemal heating element that internally heats the first and second medium to the 
converter operating temperature. The converter is composed of, in another aspect, a 
plurality of tubular converter elements which include a circular electrolyte layer 
having an oxidizer electrode material on one side and a fiiel electrode material on the 
opposing side. 

According to another aspect, the electrochemical converter includes an 
electrochemical converter assembly having a plurality of stacked converter elements 
which include a plurality of electrolyte plates having an oxidizer electrode material on 
one side and a fiiel electrode material on the opposing side, and a plurality of 
interconnector plates for providing electrical contact with the electrolyte plates, such 
that the stack of converter elements is assembled by alternately stacking 
mterconnector plates with the electrolyte plate. In another aspect, the stacked 
converter elements further include a plurality of manifolds axially associated with the 
stack and adapted to receive the first and second mediums, and a medium heating 
element, associated with the manifolds, for heating at least a portion of the first and 
second mediums to the converter operating temperature. 

According to yet another aspect, the interconnector plate is a thermally 
conductive connector plate, and the medium heating element includes a thermally 
conductive and integrally formed extended surface, integrally formed with the 
interconnector plate, and which protrudes into the axial manifolds. In another 
embodiment, the stack of converter elements includes a plurality of spacer plates 
iuterposed between the electrolyte plates and the interconnector plates, and the 
medium heating element includes a thermally conductive and integrally formed 
extended surface of the spacer plate that protrudes into the plurality of axial manifolds. 

According to one practice of the invention, the electrochemical 
converter assembly generates waste heat which heats the first and second mediums to 
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the converter operating temperature, and which is conductively transferred to the first 
and second mediums by the interconnector plate. 

According to another aspect, the power system fiirther includes a 
preheating element for preheating the first and second mediums prior to introduction 
to the electrochemical converter. The preheating element is preferably either an 
extemal regenerative heat exchanger or a radiative heat exchanger. According to 
another practice of the invention, either the medium heating element or the preheating 
element can be utilized to disassociate the first and second mediums, which includes 
hydrocarbons and reforming agents, into non-complex reaction species. 

According to another aspect of the invention, the power system further 
includes a converter exhaust heating element, in communication with the 
electrochemical converter and the turbine, for heating the exhaust of the converter to a 
selected elevated temperature prior to introduction to the turbine. The exhaust heating 
element is preferably a natural gas combustor. The power system can further include 
a regenerative thermal enclosure element which forms a pressure vessel about the 
electrochemical converter. 

The invention further provides for a steam turbine power system that 
includes an electrochemical converter for producing exhaust and waste heat having a 
selected elevated temperature, a steam generator associated with the electrochemical 
converter, and a turbine associated with the steam generator and configured for 
producing electricity. 

According to one aspect, the steam turbine power system includes a heat 
exchanger element for radiatively exchanging heat between the converter and the 
steam generator. 

According to another aspect, the power system further includes a heat 
recovery heat exchanger, associated with the turbine, that receives the converter 
exhaust and convectively transfers waste heat fi-om the converter exhaust to the 
turbine. 

According to another aspect, the electrochemical converter includes an 
electrochemical converter assembly having a plurality of stacked converter elements 
which include a plurality of electrolyte plates having an oxidizer electrode material on 
one side and a fiiel electrode material on the opposing side, and a plurality of 
interconnector plates for providing electrical contact with the electrolyte plates. The 
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stack of converter elements is assembled by altemately stacking interconnector plates 
with the electrolyte plate. 

According to another aspect, the stacked converter elements further 
includes a plurality of manifolds axially associated with the stack and adapted to 
receive reactants, and a reactant heating element, associated with the manifolds, for 
heating at least a portion of the reactants to the converter operating temperature. 

According to still another aspect, the interconnector plate includes a 
thermally conductive connector plate, and the reactant heating element includes a 
thermally conductive and integrally formed extended surface of the interconnector 
plate that protrudes into the plurality of axial manifolds. 

In yet another aspect, the stack of converter elements further includes a 
plurality of spacer plates interposed between the electrolyte plates and the 
interconnector plates. 

According to another aspect, the reactant heating element includes a 
thermally conductive and integrally formed extended surface of the spacer plate that 
protrudes into the plurality of axial manifolds. 

According to one practice of the invention, the electrochemical 
converter assembly generates waste heat which heats the reactants to the converter 
operating temperature. This waste heat is conductively transferred to the reactants by 
the interconnector plate. 

In another aspect, the steam turbine power system further includes a 
preheating element for preheating the reactants prior to introduction to the 
electrochemical converter. The preheating element can include an extemal 
regenerative heat exchanger or a radiative heat exchanger. 

According to another practice, either or both the preheating element or 
the reactant heating element disassociates the reactaiKs, which includes hydrocarbons 
and reforming agents, into non-complex reaction species. 

The invention further provides for a power system that includes an 
electrochemical converter adapted to receive input reactants and to produce waste heat 
and exhaust, and a gas turbine that includes a compressor and a mechanical turbine 
that produces exhaust having a selected elevated temperature. The system further 
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includes a steam generator that receives the gas turbine exhaust and that radiatively 
couples the exhaust of the gas turbine to a working medium. The system also includes 
a steam turbine that is associated with at least the steam generator and that is adapted 
to receive the working medium. 

The invention further provides for a power system that includes an 
electrochemical converter adapted to receive input reactants and to produce waste heat 
and exhaust, and a gas turbine that includes a compressor and a mechanical turbine 
that produces exhaust having a selected elevated temperature. The system further 
includes a steam generator that receives the gas turbine exhaust and that convectively 
couples the exhaust of the gas turbine to a working medium. The system also includes 
a steam turbine that is associated with the steam generator and that is adapted to 
receive the working medium. According to one practice, power is generated by the 
electrochemical converter, the steam turbine, and the gas turbine. 

Brief Description of the Drawing s 

The foregoing and other objects, features and advantages of the 
invention will be apparent from the following description and apparent from the 
accompanying drawings, in which like reference characters refer to the same parts 
throughout the different views. The drawings illustrate principles of the invention 
and, although not to scale, show relative dimensions. 

FIG. 1 is a schematic block diagram of a power system employing an 
electrochemical converter serially in-line with a gas turbine according to the present 
invention; 

FIG. 2 is a schematic block diagram of an alternate embodiment of a 
power system employing an electrochemical converter out of line with a gas turbine 
according to the present invention; 

FIG. 3 is p schematic block diagram of a power system employing an 
electrochemical converter and a steam turbine according to the present invention; 

FIG. 4 is a schematic block diagram of another embodiment of a power 
system employing both a gas turbine, a steam turbine, and a converter exhaust heating 
element according to the present invention; 
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FIG. 5 is a plan view, partially cut-away, of a pressure vessel enclosing a 
series of electrochemical converters of the present invention; 

FIG. 6 is a perspective view of a basic cell unit of an electrochemical 
converter of the invention; 

FIG. 7 is a perspective view of an alternate embodiment of the basic cell 
unit of the electrochemical converter of the present invention; and 

FIG. 8 is a cross-sectional view of the cell unit of FIG. 6,. 

Description of Illustrated Embodiments 

FIG. 1 shows a gas turbine power system according to the present 
invention. The illustrated in-line, aero-derivative gas turbine power system 70 
includes an electrochemical converter 72 and a gas turbine assembly. The gas turbine 
comprises a compressor 76, a turbine 80, and a generator 84. Air from air source 73 is 
introduced to the compressor 76 by way of any suitable conduit where it is 
compressed, and thus heated, and then discharged and introduced to the 
electrochemical converter 72. The foel 74 is introduced to a preheater 68 where it is 
preheated to a selected elevated temperature below the converter operating 
temperature. The heated air and fiiel fimction as input reactants and power the 
electrochemical converter 72. 

The converter 72 heats the compressed air introduced by the compressor 
76 and the fuel 74 to produce high temperature exhaust. The exhaust is introduced to 
the gas turbine 80, which converts this thermal energy into rotary energy, for 
subsequent transfer to an electric generator 84. The generator 84 produces electricity 
that can be used for both commercial and residential purposes. One benefit of 
utilizing the electrochemical converter as the gas turbine combustor is that the 
converter functions as an additional electric generator. The illustrated electrical 
connections 88A and 88B show that electricity can be extracted from both the 
generator 84 and the converter 72. The gas turbine components and generator are art 
known and commercially available. Those of ordinary skill will readily understand 
the integration of the electrochemical converter and the gas turbine, especially in light 
of the present description and illustrations. 
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FIG, 2 illustrates a power system 90 where the electrochemical 
converter 72' is coupled off-line from the gas turbine. Air from the air source 73' is 
compressed by the compressor 76', discharged, and then introduced to the off-line 
converter 72*. Fuel from a fuel source 74' is introduced to the converter and the air 
and fiiel are consumed thereby. The converter thermally disassociates the fuel into 
constituent non-complex reaction species, typically H2 and CO, and creates high 
temperature exhaust. The exhaust is introduced to the gas turbine 80' which is 
coupled to the electric generator 84'. The illustrated generator 84' and converter 72' 
can be used to power the illustrated propulsion motor 86. The system 90 can further 
employ a preheater, similar to the preheater of FIG. 1, to preheat the reactants prior to 
introduction to the converter 72. 

FIG. 3 illustrates a power system 95 that employs an electrochemical 
converter 72", a heat recovery steam generator 108 (HRSG), and a steam turbine 1 12, 
connected as shown. The steam generator 108 functions as a preheater by preheating 
the input reactants, e.g., air and fiiel, to a desirable elevated temperature below the 
operating temperature of the converter 72\ The converter utilizes the input reactants 
and creates waste heat and heated exhaust 91. The exhaust 91 can be conveyed to the 
steam generator 108 by any suitable means, such as a conduit. The heated exhaust 
helps preheat the reactants 73,74 by a regenerative heat exchange process, while 
concomitantly heating working medium associated with the steam turbine, such as 
water, to produce steam for the steam turbine 112. In an alternate embodiment, the 
steam generator 108 includes intemally a reformer for reforming fuel by thermal 
disassociation, which typically involves the reformation of hydrocarbons and 
reforming agents into non-complex reaction species. 

FIG. 4 shows an altemate power system 100 that utilizes an 
electrochemical converter, a gas turbine, and a steam turbine. The power system 100 
includes, in addition to the above-listed system components, a secondary combustor 
104, a steam generator 108, and a steam turbine 1 12'. Fuel from a fuel source 74 and 
water 102 for reforming, generally supplied by a fluid reservoir (not shown), are 
introduced to the electrochemical converter 72". The water 102 and the waste heat 
produced by the converter 72" help reform the input fuel, e.g,,^ fossil fuel, into usable 
non-complex reaction species, e.g., molecular hydrogen and carbon monoxide. Air 
from the air source 73 is preferably introduced to the converter 72" by way of the 
compressor or blower 76" and combines with the input fuel to power the converter 
72". The converter 72" produces a high temperature exhaust, typically around 
1000°C, which is further heated to a selected elevated temperature, e.g., ISOO^'C, by 
the secondary combustor 104 to match the predetermined inlet temperature 
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requirements of the gas turbine 80". The gas turbine produces an exhaust output 81 
which is passed through a heat recovery steam generator 108 for subsequent use with 
the bottoming steam turbine 1 12. The steam turbine output is coupled to the electric 
generator 84" which produces electricity. Electrical connections 88A' and 88B' 
indicate that electricity can be directly extracted from both the electrochemical 
converter 72" and the generator 84". 

The illustrated power systems of FIGS. 1-4 provide the advantage in that 
they allow electricity to be produced in an high efficiency system by the direct 
integration of a high efficiency, compact electrochemical converter with the 
bottoming plant constituent components. The integration of the electrochemical 
converter with a gas turbine in the manner illustrated in FIGS. 1-4 produces a gas 
turbine power system that has an overall power efficiency of about 70%. This system 
efficiency represents a significant increase over the efficiencies achieved by prior art 
gas turbine systems and prior art electrochemical systems. The illustrated gas turbine 
power systems incorporate an electrochemical converter to provide high grade thermal 
energy and electricity, while utilizing the benefits of electrochemical converters. For 
example, the converter operates as a low NOx thermal source, thereby improving 
environmental performance relative to conventional gas turbine generating plants. 

The direct integration of an electrochemical converter with a gas turbine 
is aided when the electrochemical converter 72 is housed within a high pressure vessel 
120, A preferred type of converter encasement is illustrated in FIG. 5, where a 
pressure vessel 120, which also functions as a regenerative thermal enclosure, encases 
a series of stacked fuel cell assemblies 122, which are described in greater detail 
below. The pressure vessel 120 includes an exhaust outlet manifold 124, electrical 
connectors 126 and input reactant manifolds 128 and 130. In a preferred embodiment, 
the oxidizer reactant is introduced to the resident fuel cell assemblies through the 
centrally located manifolds 130, and the fuel reactant is introduced through the fuel 
manifolds 128 located about the periphery of the vessel 120. 

As described above, the electrochemical converter can be operated at an 
elevated temperature and at either ambient pressure or at an elevated pressure. The 
electrochemical converter is preferably a fiiel cell system that can include an 
interdigitated heat exchanger, similar to the type shown and described in U.S. Patent 
No. 4,853,100, which is herein incorporated by reference. 

Fuel cells typically disassociate fuel by utilizing the chemical potential 
of selected fiiel species, such as hydrogen or carbon monoxide molecules, to produce 
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oxidized molecules in addition to electrical power. Since the cost of supplying 
molecular hydrogen or carbon monoxide is relatively higher than providing traditional 
fossil fuels, a fiiel processing or reforming step can be utilized to convert the fossil 
fuels, such as coal and natural gas, to a reactant gas mixture high in hydrogen and 
carbon monoxide. Consequently, a fuel processor, either dedicated or disposed 
internally within the fuel cell, is employed to reform, by the use of steam, oxygen, or 
carbon dioxide (in an endothermic reaction), the fossil fuels into non-complex reactant 
gases. 

FIGS. 6-8 illustrate the basic cell unit 10 of the electrochemical 
converter 72, which is particularly suitable for integration with conventional gas 
turbines. The cell unit 10 includes an electrolyte plate 20 and an intercoimector plate 
30. In one embodiment, the electrolyte plate 20 can be made of a ceramic, such as a 
stabilized zirconia material Zr02(Y203), on which a porous oxidizer electrode 
material 20A and a porous fuel electrode material 20B are disposed thereon. 
Exemplary materials for the oxidizer electrode material are perovskite materials, such 
as LaMn03(Sr). Exemplary materials for the fuel electrode material are cermets such 
as Zr02/Ni and ZrOi/NiO. 

The interconnector plate 30 preferably is made of an electrically and 
thermally conductive interconnect material. Examples of such material include nickel 
alloys, platinum alloys, non-metal conductors such as silicon carbide, La(Mn)Cr03, 
and preferably commercially available Inconel, manufactured by Inco., U.S.A. The 
interconnector plate 30 serves as the electric connector between adjacent electrolyte 
plates and as a partition between the fiiel and oxidizer reactants. As best shown in 
FIG. 8, the interconnector plate 30 has a central aperture 32 and a set of intermediate, 
concentric radially outwardly spaced apertures 34. A third outer set of apertures 36 
are disposed along the outer cylindrical portion or periphery of the plate 30. 

The interconnector plate 30 has a textured surface 38, The textured 
surface preferably has formed thereon a series of dimples 40, as shown in FIG. 8, 
which form a series of connecting reactant-flow passageways. Preferably, both sides 
of the interconnector plate 30 have the dimpled surface formed thereon. Although the 
intermediate and outer set of apertures 34 and 36, respectively, are shown with a 
selected number of apertures, those of ordinary skill will recognize that any number of 
apertures or distribution patterns can be employed, depending upon the system and 
reactant-flow requirements. 
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Likewise, the electrolyte plate 20 has a central aperture 22, and a set of 
intermediate and outer apertures 24 and 26 that are formed at locations complementary 
to the apertures 32, 34 and 36, respectively, of the interconnector plate 30. 

Referring to FIG. 7, a spacer plate 50 can be interposed between the 
electrolyte plate 20 and the interconnector plate 30. The spacer plate 50 preferably 
has a corrugated surface 52 that forms a series of connecting reactant-flow 
passageways, similar to the interconnecting plate 30. The spacer plate 50 also has a 
number of concentric apertures 54, 56, and 58 that are at locations complementary to 
the apertures of the interconnect and electrolyte plates, as shown. Further, in this 
arrangement, the interconnector plate 30 is devoid of reactant-flow passageways. The 
spacer plate 50 is preferably made of an electrically conductive material, such as 
nickel. 

The illustrated electrolyte plates 20, interconnector plates 30, and spacer 
plates 50 can have any desirable geometric configuration. Furthermore, the plates 
having the illustrated manifolds can extend outwardly in repetitive or non-repetitive 
patterns, and thus are shown in dashed lines. 

Referring to FIG. 8, when the electrolyte plates 20 and the 
interconnector plates 30 are alternately stacked and aligned along their respective 
apertures, the apertures form axial (with respect to the stack) manifolds that feed the 
cell unit with the input reactants and that exhaust spent fuel. In particular, the aligned 
central apertures 22,32,22' form input oxidizer manifold 17, the aligned concentric 
apertures 24,34,24' form input fiiel manifold 18, and the aligned outer apertures 
26,36,26' form spent fuel manifold 19. 

The dimpled surface 38 of the interconnector plate 30 has, in the cross- 
sectional view of FIG. 8, a substantially corrugated pattern formed on both sides. This 
corrugated pattern forms the reactant-flow passageways that channel the input 
reactants towards the periphery of the interconnector plates. The interconnector plate 
also has an extended heating surface or lip structure that extends within each axial 
manifold and about the periphery of the interconnector plate. Specifically, the 
interconnector plate 30 has a flat annular extended surface 3 lA formed along its outer 
peripheral edge. In a preferred embodiment, the illustrated heating surface 3 1 A 
extends beyond the outer peripheral edge of the electrolyte plate 20. The 
interconnector plate further has an extended heating surface that extends within the 
axial manifolds, for example, edge 3 IB extends into and is housed within the axial 
manifold 19; edge 31C extends into and is housed within the axial manifold 18; and 
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edge 3 ID extends into and is housed within the axial manifold 17. The extended 
heating surfaces can be integrally formed with the interconnector plate or can be 
coupled or attached thereto. The heating surface need not be made of the same 
material as the interconnector plate, but can comprise any suitable thermally 
conductive material that is capable of withstanding the operating temperature of the 
electrochemical converter. In an alternate embodiment, the extended heating surface 
can be integrally formed with or coupled to the spacer plate. 

The absence of a ridge or other raised structure at the interconnector 
plate periphery provides for exhaust ports that communicate with the extemal 
environment. The reactant-flow passageways connect, fluidwise, the input reactant 
manifolds with the outer periphery, thus allowing the reactants to be exhausted to the 
extemal environment, or to a thermal container or pressure vessel disposed about the 
electrochemical converter, FIG. 5. 

Referring again to FIG. 8, the illustrated sealer material 60 can be 
applied to portions of the interconnector plate 30 at the manifold junctions, thus 
allowing selectively a particular input reactant to flow across the interconnector 
surface and across the mating surface of the electrolyte plate 20. The interconnector 
plate bottom 3 OB contacts the fuel electrode coating 20B of the electrolyte plate 20. 
In this arrangement, it is desirable that the sealer material only allow fuel reactant to 
enter the reactant-flow passageway, and thus contact the fuel electrode. 

As illustrated, the sealer material 60A is disposed about the input 
oxidizer manifold 17, forming an effective reactant flow barrier about the oxidizer 
manifold 17. The sealer material helps maintain the integrity of the fiiel reactant 
contacting the fuel electrode side 20B of the electrolyte plate 20, as well as maintain 
the integrity of the spent fiiel exhausted through the spent fuel manifold 19. 

The top 30A of the interconnector plate 30 has the sealer material 60B 
disposed about the fiiel input manifolds 18 and the spent fuel manifold 19. The top of 
the interconnector plate 30A contacts the oxidizer coating 20B' of an opposing 
electrolyte plate 20', Consequently,^ the junction at the input oxidizer manifold 17 is 
devoid of sealer material, thereby allowing the oxidizer reactant to enter the reactant- 
flow passageways. The sealer material 60B that completely surrounds the fuel 
manifolds 18 inhibits the excessive leakage of the fuel reactant into the reactant-flow 
passageways, thus inhibiting the mixture of the fiiel and oxidizer reactants. Similarly, 
the sealer material 60C that completely surrounds the spent fuel manifold 19 inhibits 
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the flow of spent oxidizer reactant into the spent fiiel manifold 19, Hence, the purity 
of the spent fuel that is pumped through the manifold 19 is maintained. 

Referring again to FIG. 8, the oxidizer reactant can be introduced to the 
electrochemical converter through axial manifold 17 that is formed by the apertures 
22, 32, and 22' of the electrolyte and interconnector plates, respectively. The oxidizer 
is distributed over the top of the interconnector plate 3 OA, and over the oxidizer 
electrode surface 20A' by the reactant-flow passageways. The spent oxidizer then 
flows radially outward toward the peripheral edge 3 1 A, and is finally discharged along 
the converter element periphery. The sealer material 60C inhibits the flow of oxidizer 
into the spent fuel manifold 19. The flow path of the oxidizer through the axial 
manifolds is depicted by solid black arrows 26A, and through the oxidizer cell unit by 
the solid black arrows 26B. 

The fiiel reactant is introduced to the electrochemical converter 10 by 
way of fuel manifold 18 formed by the aligned apertures 24, 34, and 24' of the plates. 
The fuel is introduced to the reactant-flow passageways and is distributed over the 
bottom of the interconnector plate 30B, and over the fuel electrode coating 20B of the 
electrolyte plate 20. Concomitantly, the sealer material 60 A, prevents the input 
oxidizer reactant firom entering the reactant-flow passageways and thus mixing with 
the pure fuel/spent fuel reactant mixture. The absence of any sealer material at the 
spent fiiel manifold 19 allows spent fuel to enter the manifold 19. The fuel is 
subsequently discharged along the annular edge 3 1 A of the interconnector plate 30. 
The flow path of the fuel reactant is illustrated by the solid black arrows 26C. 

The dimples 40 of the interconnector surface have an apex 40 A that 
contact the electrolyte plates, in assembly, to establish an electrical connection 
therebetween. 

A wide variety of conductive materials can be used for the thin 
electroconnector plates of this invention. Such materials should meet the following 
requirements: (1) high strength, as well as electrical and thermal conductivity; (2) 
good oxidation resistance up to the working temperature; (3) chemical compatibility 
and stability with the input reactants; and (4) manufacturing economy when formed 
into the textured plate configuration exemplified by reactant-flow passageways. 

The suitable materials for interconnector fabrication include nickel 
alloys, nickel-chromium alloys, nickel-chromium-iron alloys, iron-chromium- 
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aluminum alloys, platinum alloys, cermets of such alloys and refractory material such 
as zirconia or alumina, silicon carbide and molybdenum disilicide. 

The textured patterns of the top and bottom of the interconnector plate 
can be obtained, for example, by stamping the metallic alloy sheets with one or more 
sets of matched male and female dies. The dies are preferably prefabricated according 
to the desired configuration of the interconnector plate, and can be hardened by heat 
treatment to withstand the repetitive compressing actions and mass productions, as 
well as the high operating temperatures. The stamp formmg process for the 
interconnectors is preferably conducted in multiple steps due to the geometrical 
complexity of the gas passage networks, e.g., the dimpled interconnector plate surface. 
The manifolds formed in the interconnector plates are preferably punched out at the 
final step. Temperature annealing is recommended between the consecutive steps to 
prevent the overstressing of sheet material. The stamping method is capable of 
producing articles of varied and complex geometry while maintaining uniform 
material thickness. 

Altematively, corrugated interconnectors can be formed by electro- 
deposition on an initially flat metal plate using a set of suitable masks. Silicon carbide 
interconnector plates can be formed by vapor deposition onto pre-shaped substrates, 
by sintering of bonded powders, or by self-bonding processes. 

The oxidizer and fiiel reactants are preferably preheated to a suitable 
temperature prior to entering the electrochemical converter. This preheating can be 
performed by any suitable heating structure, such as a regenerative heat exchanger or 
a radiative heat exchanger, for heating the reactants to a temperature sufficient to 
reduce the amount of thermal stress applied to the converter. 

Another significant feature of the present invention is that the extended 
heating surfaces 3 ID and 3 IC heat the reactants contained within the oxidizer and fiiel 
manifolds 17 and 18 to the operating temperature of the converter. Specifically, the 
extended surface 3 ID that protrudes into the oxidizer manifold 17 heats the oxidizer 
reacl;an^ and the extended surface 3 IC that protrudes into the fiiel manifold 1 8 heats 
the fiiel reactant. The highly thermally conductive interconnector plate 30 facilitates 
heating of the input reactants by conductively transferring heat from the fiiel cell 
internal surface, e.g., the middle region of the conductive interconnector plate, to the 
extended surfaces or lip portions, thus heating the input reactants to the operating 
temperature prior to traveling through reactant flow passageways. The extended 
surfaces thus fimction as a heat fin. This reactant heating structure provides a 
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compact converter that is capable of being integrated with an electricity generating 
power system, and further provides a highly efficient system that is relatively low in 
cost Electrochemical converters incorporating fuel cell components constructed 
according to these principles and employed in conjunction with a gas turbine provides 
a power system having a relatively simple system configuration. 

The operating temperature of the electrochemical conyerter is preferably 
between about 20^C and ISOO^C, and the preferred fuel cell types employed by the 
present invention are solid oxide fuel cells, molten carbonate fuel cells, alkaline fuel 
cells, phosphoric acid fiiel cells, and proton membrane fiiel cells. 

In an alternate embodiment, the electrolyte and interconnector plates can 
have a substantially tubular shape and have an oxidizer electrode material disposed on 
one side and a fuel electrode material disposed on the opposing side. The plates can 
then be stacked together in a like manner. 

It will thus be seen that the invention contains improvements over the 
prior art. Since certain changes may be made in the above constructions without 
departing from the scope of the invention, it is intended that all matter contained in the 
above description or shown in the accompanying drawings be interpreted as 
illustrative and not in a limiting sense. 

It is also to be understood that the following claims are to cover all 
generic and specific features of the invention described herein, and all statements of 
the scope of the invention which, as a matter of language, might be said to fall 
therebetween. For example, the electrochemical converter employing the 
interconnector plate edge extensions of the present invention can also employ molten 
carbonate, phosphoric acid, alkaline and proton exchange membrane electrochemical 
converters and other like converters. 

What is claimed is: 
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L A gas turbine power system for producing electricity, comprising 

a compressor for compressing a first medium, 

an electrochemical converter in fluid commimication with the 
compressor and being adapted to receive the first medium and a second medium, the 
converter being configured to allow electrochemical reaction between the first and 
second mediums and to produce exhaust having a selected elevated temperature, and 

a turbine in fluid communication with the electrochenucal converter and 
adapted to receive the converter exhaust, 

wherein the turbine converts the electrochemical converter exhaust into 

rotary energy. 

2, The gas turbine power system of claim 1 further comprising a generator 
associated with the turbine and adapted to receive the rotary energy thereof, wherein 
the generator produces electricity in response to the turbine rotary energy. 

3. The gas turbine power system of claim 1 wherein the electrochemical 
converter is adapted to produce electricity. 

4. The gas turbine power system of claim 1 wherein the electrochemical 
converter is adapted to operate at an elevated temperature and at atmospheric pressure, 
and wherein said power system further comprises heat exchanger means in thermal 
association with the electrochemical converter for extracting waste heat from the 
converter exhaust and for transferring the waste heat to the turbine. 

5, The gas turbine power system of claim 1 wherein the electrochemical 
converter has a selected operating temperature and is adapted to operate at an elevated 
temperature and at an elevated pressure, wherein the electrochemical converter 
includes intemal medium heating means for intemally heating the first and second 
mediums to the converter operating temperature. 

6, The gas turbine power system of claim 5 wherein the electrochemical 
converter comprises a plurality of tubular converter elements which include a circular 
electrolyte layer having an oxidizer electrode materia; o:i one side and a fuel electrode 
material on the opposing side. 

7. The gas turbine power system of claim 1 wherein the turbine is adapted 
to receive directly the exhaust of the electrochemical converter. 
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8. The gas turbine power system of claim 1 wherein the electrochemical 
converter comprises 

an electrochemical converter assembly having a plurality of stacked 
converter elements which include 

a plurality of electrolyte plates having an oxidizer electrode 
material on one side and a fiiel electrode material on the opposing side, and 

a plurality of interconnector plates for providing electrical contact 
with the electrolyte plates, wherein the stack of converter elements is assembled by 
altemately stacking interconnector plates with the electrolyte plate. 

9. The gas turbine power system of claim 8 wherein the stacked converter 
elements further include 

a plurality of manifolds axially associated with the stack and adapted to 
receive the first and second mediums, and 

medium heating means associated with the manifold for heating at least 
a portion of the first and second mediums to the operating temperature of the 
converter, 

10. The gas turbine power system of claim 9 wherein the interconnector 
plate comprises a thermally conductive connector plate. 

1 1- The gas turbine power system of claim 9 wherein the medium heating 

means comprises a thermally conductive and integrally formed extended surface of the 
interconnector plate that protrudes into the axial manifolds. 

12. The gas turbine power system of claim 9 wherein the stack of converter 

elements further comprises a plurality of spacer plates interposed between the 
electrolyte plates and the interconnector plates. 

13- The gas turbine power system of claim 12 wherein the medium heating 

means comprises a thermally conductive and integrally formed extended surface of the 
spacer plate that protrudes into the plurality of axial manifolds. 

14. The gas turbine power system of claim 9 wherein the electrochemical 

converter assembly generates waste heat which heats the first and second mediums to 
the converter operating temperature, the waste heat being conductively transferred to 
the first and second mediums by the interconnector plate. 
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15. The gas turbine power system of claim 1 wherein the operating 
temperature of the electrochemical converter assembly is between about 20°C and 
about 1500^C, 

16. The gas turbine power system of claim 1 wherein said electrochemical 
converter is a fiiel cell selected from the group consisting of a solid oxide fuel cell, 
molten carbonate fuel cell, phosphoric acid fuel cell, alkaline fuel cell, and proton 
exchange membrane fuel cell. 

17- The gas turbine power system of claim 1 further comprising preheating 

means for preheating the first and second mediums prior to introduction to the 
electrochemical converter. 

18. The gas turbine power system of claim 17 wherein the preheating means 
comprises one of an external regenerative heat exchanger and a radiative heat 
exchanger. 

19. The gas turbine power system of claim 17 wherein at least the 
preheating means disassociates the first and second mediums, which includes 
hydrocarbons and reforming agents, into non-complex reaction species. 

20. The gas turbine power system of claim 9 wherein at least the medium 
heating means disassociates the first and second mediums, which includes 
hydrocarbons and reforming agents, into non-complex reaction species. 

21 . The gas turbine power system of claim 1 wherein the electrochemical 
converter is placed serially in-line between the compressor and the turbine. 

22. The gas turbine power system of claim 1 further comprising converter 
exhaust heating means, disposed between the electrochemical converter and the 
turbine, for heating the exhaust of the converter to a selected elevated temperature 
prior to introduction to the turbine. 

23. The gas turbine power system of claim 22 wherein the converter exhaust 
heating means comprises a natural gas combustor. 

24. The gas turbine power system of claim 1 further comprising regenerative 
thermal enclosure means forming a pressure vessel about the electrochemical 
converter. 
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25. The gas turbine power system of claim 1 wherein the first medium 
includes air and the second medium includes natural gas. 

26. The gas turbine power system of claim 1 further comprising a steam 
generator associated with the gas turbine and adapted to receive the gas turbine 
exhaust, the steam generator convectively coupling the exhaust of the gas turbine to a 
working medium. 

27. The gas turbine power system of claim 26 further comprising a steam 
turbine associated with the steam generator and configured for producing electricity. 

28. A power generating system comprising 

an electrochemical converter assembly having a plurality of stacked 
converter elements and being adapted to receive one or more reactants, and 

a gas turbine having a compressor and being associated with the 
electrochemical converter, the compressor being adapted to preheat the reactants. 

29. The power generating system of claim 28 further comprising a generator 
associated with the gas turbine, wherein the turbine produces rotary energy and the 
generator produces electricity in response to the turbine rotary energy. 

30. A steam turbine power system, comprising 

an electrochemical converter for producing exhaust and waste heat 

having a selected elevated temperature, 

a steam generator associated with the electrochemical converter, and 
a steam turbine associated with the steam generator and configured for 

producing electricity. 

3 1 . The steam turbine power system of claim 30 wherein the 
electrochemical converter is adapted to operate at an elevated temperature, and 
wherein the converter includes heat exchanger means for radiatively exchanging heat 
between the converter and the steam generator. 

32. The steam turbine power system of claim 3 1 wherein the steam 
generator includes a working medium, and wherein the exhaust of the electrochemical 
converter radiatively heats the working medium through the heat exchanger means. 
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33 . The steam turbine power system of claim 30 furflier comprising a heat 
recovery heat exchanger adapted to receive the converter exhaust, and wherein the 
exchanger is associated with the turbine. 

34. The steam turbine power system of claim 33 wherein the exchanger 
convectively transfers waste heat from the converter exhaust to the turbine. 

» 

35. The steam turbine power system of claim 30 wherein the 
electrochemical converter comprises 

an electrochemical converter assembly having a plurality of stacked 
converter elements which include 

a plurality of electrolyte plates having an oxidizer electrode 
material on one side and a fuel electrode material on the opposing side, and 

a plurality of interconnector plates for providing electrical contact 
with the electrolyte plates, wherein the stack of converter elements is assembled by 
alternately stacking interconnector plates with the electrolyte plate. 

36. The steam turbine power system of claim 35 wherein the stacked 
converter elements further include 

a plurality of manifolds axially associated with the stack and adapted to 
receive reactants, and 

reactant heating means associated with the manifold for heating at least 
a portion of the reactants to the operating temperature of the converter. 

37. The steam turbine power system of claim 36 wherein the interconnector 
plate comprises a thermally conductive connector plate. 

38. The steam turbine power system of claim 36 wherein the reactant 
heating means comprises a thermally conductive and integrally formed extended 
surface of the interconnector plate that protrudes into the plurality of axial manifolds. 

39. The steam turbine power system of claim 36 wherein the stack of 
converter elements. further comprises a pluraMt} of spacer plates interposed between 
the electrolyte plates and the interconnector plates. 

40. The steam turbine power system of claim 39 wherein the reactant 
heating means comprises a thermally conductive and integrally formed extended 
surface of the spacer plate that protrudes into the plurality of axial manifolds. 
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4 1 . The steam turbine power system of claim 36 wherein the 
electrochemical converter assembly generates waste heat which heats the reactants to 
the converter operating temperature, the waste heat being conductively transferred to 
the reactants by the interconnector plate, 

42. The steam turbine power system of claim 30 wherein the operating 
temperature of the electrochemical converter assembly is between about lO'^C and 
about ISOO^C. 

43 . The steam turbine power system of claim 30 wherein the 
electrochemical converter is a fiiel cell selected from the group consisting of a solid 
oxide fuel cell, molten carbonate fiiel cell, phosphoric acid fiiel cell, alkaline fuel cell, 
and proton exchange membrane fiiel cell. 

44. The steam turbine power system of claim 30 fiirther comprising 
preheating means for preheating the reactants prior to introduction to the 
electrochemical converter. 

45. The steam turbine power system of claim 44 wherein the preheating 
means comprises one of an external regenerative heat exchanger and a radiative heat 
exchanger. 

46. The steam turbine power system of claim 44 wherein at least the 
preheating means disassociates the reactants, which includes hydrocarbons and 
reforming agents, into non-complex reaction species, 

47. The steam turbine power system of claim 36 wherein at least the reactant 
heating means disassociates the reactants, which includes hydrocarbons and reforming 
agents, into non-complex reaction species. 

48. The steam turbine power system of claim 30 wherein the 
electrochemical converter is adapted to produce electricity. 

49. The steam turbine power system of claim 30 further comprising a gas 
turbine in fluid communication with the electrochemical converter and adapted to 
receive the electrochemical converter exhaust and to produce electricity, wherein the 
gas turbine is in fluid communication with the steam generator and produces exhaust 
having a selected elevated temperature for subsequent transfer to the steam generator. 
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50. A power system comprising 

an electrochemical converter adapted to receive input reactants and to 
produce electricity, waste heat and exhaust, 

a gas turbine comprising a compressor and a mechanical turbine, the 
turbine producing electricity and exhaust having a selected elevated temperature, 

a steam generator associated with the gas turbine and adapted to receive 
the gas turbine exhaust, the steam generator convectively coupling the exhaust of the 
gas turbine to a working medium, and 

a steam turbine associated with the steam generator and configured for 
producing electricity. 

5 1 . The power system of claim 50 further comprising heating means 
associated with the electrochemical converter and the gas turbine for heating the 
exhaust of the converter to a selected elevated temperature prior to introduction to the 
gas turbine. 



52. The power system of claim 5 1 wherein the heating means is a natural 

gas combustor. 
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Abstract 

A turbine power system that includes a compressor for compressing a 
first medium, and an electrochemical converter in communication with the compressor 
and adapted to receive the first medium and a second medium. The converter is 
configured to allow an electrochemical reaction between the first and second 
mediums, thereby generating electricity and producing exhaust having a selected 
elevated temperature. The power system further includes a turbine in fluid 
communication with the electrochemical converter and adapted to receive the 
converter exhaust, such that the turbine converts the electrochemical converter exhaust 
into rotary energy and electricity. The system can further include a steam generator 
and a steam turbine that produces electricity. The electrochemical converter is utilized 
herein as an electrochemical combustor-replacement (ECCR) or as a fuel cell for 
combustor-replacement (FCCR). 
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Send Correspondence to: Thomas J. Engellenner, Esq. 

Lahive & Cockfield. 60 State Street. Boston. MA 02109 

Direct Telephone Calls to: (name and telephone number) 

Thomas J. Engellenner (617> 227-7400 

Wherefore I petition that letters patent be granted to me for the invention or discovery described 
and claimed in the attached specification and claims, and hereby subscribe my name to said 
specification and claims and to the foregoing declaration, power of attorney, and this petition. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements nfiade on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or unprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 



patent issued thereon. 


Full name of sole or first inventor 




Michael S, Hsu 




Inventor's signature a ^ I 


Date 


Residence 




Round Hill Road, Lincoln, Massachusetts 01773 




Citizenship 




United States of America 




Post Office Address (if different) 




(Same address as above) 





Full name of second inventor, if any 
Ethan D. Hoag 



Inventor's sipuapre ^ 



177 Webster Street, East Boston. Massachusetts 02128 



Citizenship 
United States of America 



Post Office Address (if different) 
(Same address as above) 
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Attorney's 
Docket 

Nnmher HSE-020CP 



Declaration, Petition and Power of Attorney For Patent Application 
As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
origmal, first and joint inventor (if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention entitled 

TTf A-HTOH EFFICTKNCY TTJRRTNF AND FT TFJ. CFAA. COMBINATION 

the specification of which 
(check one) 
X is attached hereto. 

was filed on as 

Application Serial No. 

and was amended on . * 

(if applicable) 

I do not know and do not believe that the subject matter of this application was ever known or 
used in the United States before my invention thereof or patented or described in any printed 
publication in any coxmtry before my invention thereof or more than one year prior to the date 
of this application, and that said subject matter has not been patented or made the subject of 
an issued inventor's certificate in any country foreign to the United States on an application 
filed by me or my legal representatives or assigns more than twelve months prior to the date 
of this application; that I acknowledge my duty to disclose information of which I am aware 
which is material to the examination of this application, that no application for patent or 
inventor's certificate on the subject matter of this application has been filed by me or my 
representatives or assigns in any country foreign to the United States, except those identified 
below, and that I have reviewed and understand the contents of the specification, including 
the claims as amended by ury amendment referred to herein. 

I acknowledge the duty to disclose information which is material to the examination of this 
application in accordance v^th Title 37, Code of Federal Regulations, §1. 56(a). 



PRIORITY CLAIM 



I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign 
application(s) for patent or inventor's certificate or of any PCT international application(s) 
designating at least one country other than the United States of America listed below and have 
also identified below any foreign application(s) for patent or inventor's certificate or any PCT 
international application(s) designating at least one country other than the United States of 
America filed by me on the same subject matter having a filing date before that of the 
application(s) of which priority is claimed. 

Check one: 



JL no such applications have been filed. 

_ such applications have been filed as follows 



EARLIEST FOREIGN APPLICATION(S), IF ANY FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



Country 


Application Number 


Date of Filing 
(month,day,year) 


Priority Claimed 
Under 35 USC 119 


NONE 






_Yes 


No_ 








_Yes 


No_ 








_Yes 


No_ 








_Yes 


No_ 








_Yes 


No_ 



NONE 



(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



- '> _ 



CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S) 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by the 
first paragraph of Title 35, United States Code, §1 12, 1 acknowledge the duty to disclose 
material information as defined in Title 37, Code of Federal Regulations, § 1.56(a) which 
occurred between the filing date of the prior application and the national or PCT international 
filing date of this application. As to subject matter of this application which is common to my 
earlier United States application, if any, described below, I do not believe that the same was 
ever known or used in the United States before my invention thereof or patented or described 
in any printed publication in any country before my invention thereof or more than one year 
prior to said earlier application, or in public use or on sale in the United States more than one 
year prior to said earlier application, that the said common subject matter has not been patented 
or made the subject of an inventor's certificate issued before the date of said earlier application 
in any country foreign to the United States on an application, filed by me or my legal 
representatives or assigns more than twelve months prior to said application and that no 
application for patent or inventor's certificate on said subject matter has been filed by me or my 
representatives or assigns in any country foreign to the United States except those identified 
herein. 



08/287.093 August 8, 1994 pending 

(Application Serial No.) (Filing Date) (Status) 

(patented,pending,aband.) 



(Application Serial No.) (Filing Date) (Status) 

(patented,pending,aband.) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys 
and/or agents to prosecute this application and transact all business in the Patent and 
Trademark Office connected therewith. 



John A. Lahive, Jr. Reg. No. 19,788 

W. Hugo Liepmann Reg. No. 20,407 

James E, Cockfield Reg. No. 19,162 

Thomas V. Smurzynski Reg. No. 24,798 

Ralph A. Loren Reg. No. 29,325 

Thomas J. Engellemier Reg. No. 28,711 

William C, Geary III Reg. No. 31,359 

David J. Powsner Reg. No. 31,868 

Giulio A. DeConti, Jr. Reg. No. 31,503 

Michael I, Falkoff Reg. No, 30,833 



Ami Lamport Hammitte Reg. No. 34,858 

John V. Bianco Reg. No. 36,748 

Jeremiah Lynch Reg. No, 17,425 

Amy E. Mandragouras Reg. No. 36,207 

Elizabeth A. Hanley Reg. No. 33,505 

Matthew P. Vincent Reg. No. 36,709 
Paul Louis Myers * Reg. No. 35,965 

Beth E. Arnold Reg, No. 35.430 

Anthony A. Laurentano Reg. No. P38,220 



Send Correspondence to: Thomas J. Engellenner, Esq. 
Lahive & Cockfield. 60 State Street. Boston. MA 02109 



Direct Telephone Calls to: (name and telephone number) 



Thomas J. Engellenner ^617^ 227-7400 



Wherefore I petition that letters patent be granted to me for the invention or discovery described 
and claimed in the attached specification and claims, and hereby subscribe my name to said 
specification and claims and to the foregoing declaration, power of attorney, and this petition. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 



Full name of sole or first inventor 

Michael S. Hsu 

Inventor's signature Date 



Residence 

Round Hill Road, Lincoln, Massachusetts 01773 
Citizenship 

United States of America 

Post Office Address (if different) 
(Same address as above) 



Full name of second inventor, if any 




Ethan D. Hoag 




Inventor's signature 


Date 


Residence 




177 Webster Street, East Boston, Massachusetts 02128 




Citizenship 




United States of America 




Post Office Address (if different) 




(Same address as above) 





